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CHIA Decision Support Tool: What is Needed 

Regarding Probable Hydrologic Consequences?

 Enable mine permit officials to accurately simulate streamflows 

and hydrograph characteristics under pre- and post-mined 

conditions.

 Determine or predict changes in streamflow characteristics—

including storm-runoff response and baseflow—due to mining-

related surface disturbances.

 Assess the potential cumulative hydrologic impacts of all 

mining-related surface disturbances within an impacted 

watershed.

 Provide a means of quantitatively identifying the point-of-

inception of flows and defining stream reaches as perennial, 

intermittent, or ephemeral,  according to SMCRA-established 

regulatory definitions.



 Quantify water availability where there are no long-term monitoring data

 Builds on geospatial data

 Topography

 Precipitation and temperature

 Soils

 Land management

 Uniform approach without need for site-specific optimization 

 Accurate and precise estimates of streamflow

Proposed Application of WATER as a 

CHIA Regional Decision-Support Tool

Water Availability Tool for Environmental Resources



The value of WATER
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Current Ability - WATER

Estimate of surface-water hydrology

 Daily streamflow estimated
 Historic climate record 

 Natural landscape characteristics

 Identification of saturated stream cells (flow)
 Stream delineation

 Ecological implications

 Changes due to land management
 Topographic Wetness Index

 Saturated hydraulic conductivity

 Impervious surface



WATER’s Hydrologic Modeling 

Approach

 TOPography-based hydrological MODEL based

 Developed by Beven and Kirkby, 1979

 ―Physically-based watershed model that simulates 

the variable-source-area concept of streamflow 

generation.‖ (Wolock, 1993)

 Quasi-distributed approach – breaks the watershed 

up into landscape components that are identified by 

the topographic wetness index

Beven, K.J. and M.J. Kirkby. 1979.  A physically based, variable contributing area model of basin 

hydrology.  Hydrological Sciences Bulletin, v. 24, pp. 43-69.  

Wolock, David M. 1993.  Simulating the variable-source-area concept of streamflow generation with the 

watershed model TOPMODEL. USGS WRI 93-4124.
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TOPMODEL topographic wetness index

slope

areangcontributiupslope
TWI

tan
ln

High values of TWI  High potential for saturation

Low values of TWI  Low potential for saturation

Grid cells with the 

same TWI are 

hydrologically 

similar

Calculations need 

not be performed 

on every single 

grid cell. 



Quasi-

distributed 

Approach
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From Spatial Layers

Site ID

Area

Total cells

Lake area

Uplake Area

Soil Characteristics

Root Zone

Stream cells

Latitude

Impervious areas

Withdrawals

Discharges

Topographic 

Wetness Index

• Estimated hydrograph

• Time series
• Saturated areas

• Stream length

Precipitation and 

Temperature Estimates 

for Each Basin

Historical Climate 

and gridded 

NEXRAD data

DEM

Streams (synthetic)

Histogram

DATA SOURCES

• KY Dam Safety Commission

• Soil Survey Geographic Data

• TR-55 Impervious Erosion Curve

• National Land Cover Data 2001

• KY Pollutant Discharge 

Elimination System

• KY Division of Water

• NOAA NWS

Data Library



Statistical Validation of WATER Output
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Statistical Validation of WATER 

Output
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WATER’s Present Applicability to 

Hydrologic Problems

Water Budget

Cumulative Hydrologic 

Impact Assessment

Streamflow 

Assessment



CHIA-Related Needs –
Cumulative Impact Area 



CHIA-Related Needs –
Quantification of streamflow ―baseline‖ responses



CHIA-Related Needs –
Impact of individual sites





Apply WATER to unmined watersheds in 

Eastern Appalachian Coalfield regions

baseline hydrologic response 

compare various settings
 hydrogeologic

 climatic

Apply WATER to mined watersheds in 

Eastern Appalachian Coalfield regions

≥ 30% surface disturbance

simulate mining impact

Characterize changes in hydrologic 

response of the test watersheds

statistically evaluate changes in basin 

hydrology with time

compare responses between unmined

and mined watersheds 

determine whether relation between 

percent mining-disturbance and 

hydrologic change is quantifiable 
 stormwater-runoff response

 baseflow or ground-water recharge 

Proposed application of WATER to CHIA





Future Capabilities of WATER –
mining-related impacts on stream-water quality

 Investigating pairing WATER with 

geochemical modeling 

 PHREEQC

 MINTEQ

 Identify water-quality constituents 

 Most important to water quality

 Best indicators of potential impacts 

 Considerable data mining/preparation effort 

would be needed



Future Capabilities for WATER –
Assess potential impacts to Ground Water

 Significant technical-conceptual and data availability difficulties 

to overcome.

 The TOPMODEL approach is not an appropriate tool. 

 Other gw-numerical models (e.g. MODFLOW) might be useful for 

certain site-specific or sub-regional evaluations.

 In general, application of numerical gw-flow models is technically 

difficult  and subject to large potential errors given complexities 

of Eastern Appalachian Coalfield hydrogeology. 

 Relative lack of availability of suitable quantitative data about 

aquifer characteristics is a problem.  ―Scale problems‖ are also 

significant. 

 A spatial statistical methodology (logistical regression model) 

might be the most beneficial approach. 


